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EXPANDER TOOL FOR USE IN A WELLBORE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to wellbore completion. More 
particularly, the invention relates to an apparatus and method for expanding a 
tubular body. More particularly still, the invention relates to an expander tool for 
expanding a section of tubulars within a wellbore. 

Description of the Related Art 

[0002] Hydrocarbon and other wells are completed by forming a borehole in the 
earth and then lining the borehole with steel pipe or casing to form a wellbore. After 
a section of wellbore is formed by drilling, a string of casing is lowered into the 
wellbore and temporarily hung therein from the surface of the well. Using methods 
known in the art, the casing is cemented into the wellbore by circulating cement into 
an annular area defined between the outer wall of the casing and the borehole. The 
combination of cement and casing strengthens the wellbore and facilitates the 
isolation of certain areas of a formation surrounding the casing for the production of 
hydrocarbons. 

[0003] It is common to employ more than one string of casing in a wellbore. In 
this respect, a first string of casing is set in the wellbore when the well is drilled to a 
first designated depth. The first string of casing is hung from the surface, and then 
cement is circulated into the annulus behind the casing. The well is then drilled to a 
second designated depth and a second string of smaller diameter casing or liner is 
run into the well. The second string is set at a depth such that the upper portion of 
the second string of casing overlaps the lower portion of the first string of casing. 
The second casing string is then fixed or "hung" off of the existing casing by the use 
of slips which utilize slip members and cones to wedgingly fix the new string of liner 
in the wellbore. The second casing string is then cemented. This process is 
typically repeated with additional casing strings until the well has been drilled to total 
depth. In this manner, wells are typically formed with two or more strings of casing 
of an ever decreasing diameter. 
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[0004] Apparatus and methods are emerging that permit tubular bodies to be 
expanded within a wellbore. Using this technology, a tubular string can be hung off 
a prior string by expanding its diameter in an area of overlap with the prior string. 
Further, an entire string of casing could be expanded to create a "monobore" 
diameter of casing in a well. The apparatus typically includes an expander tool that 
is run into the wellbore on a working string. The expander tool includes radially 
expandable members, or "expansion assemblies," which are urged radially outward 
from a body of the expander tool, either in response to mechanical forces, or in 
response to fluid pressure in the working string. The expansion assemblies are 
expanded into contact with a surrounding tubular body. Outward force applied by 
the expansion assemblies cause the surrounding tubular to be expanded. Rotation 
of the expander tool, in turn, creates a circumferential expansion of the tubular. An 
exemplary rotary expander tool is described in U.S. Patent Number 6,457,532 
issued to Simpson on October 1 , 2002, which is herein incorporated by reference in 
its entirety. 

[0005] Another example of an exemplary expansion tool is illustrated in Figures 1 
and 2. More specifically, Figure 1 is an exploded view of an exemplary expander 
tool 100. Figure 2 presents the same expander tool 100 in cross-section, with the 
view taken across line 2-2 of Figure 1 . 

[0006] The expander tool 100 has a body 102 which is hollow and generally 
tubular. The central body 102 has a plurality of recesses 114 to hold a respective 
expansion assembly 110. Each of the recesses 114 has substantially parallel sides 
and holds a respective piston 120. The pistons 120 are radially slidable, one piston 
120 being slidably sealed within each recess 1 14. The back side of each piston 120 
is exposed to the pressure of fluid within a hollow bore 1 15 of the expander tool 100. 
In this manner, pressurized fluid provided from the surface of the well can act upon 
the pistons 120 and cause them to extend outwardly. 

[0007] Disposed above each piston 120 is a roller 116. The rollers 1 16 are near 
cylindrical and slightly barrel shaped. Each of the rollers 1 16 is supported by a shaft 
1 18 at each end of the respective roller 1 16 for rotation about a respective axis. The 
rollers 116 are generally parallel to the longitudinal axis of the tool 100. In the 
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arrangement of Figure 1, the plurality of rollers 116 is radially offset at mutual 120- 
degree circumferential separations around the central body 102. In the arrangement 
shown in Figure 1, two offset rows of rollers 1 16 are shown. However, only one row 
or more than two rows of roller 116, may be incorporated into the body 102. 
[0008] As sufficient pressure is generated on the bottom piston surface behind 
the expansion assembly 110, the tubular being acted upon (not shown) by the 
expander tool 100 is expanded past a point of elastic deformation. In this manner, 
the diameter of the tubular is increased within the wellbore. By rotating the 
expander tool 100 in the wellbore and/or moving the expander tool 100 axially in the 
wellbore with the expansion assemblies 110 actuated, a tubular can be expanded 
into plastic deformation along a predetermined length. 

[0009] Even though the known expander tools, such as the tool 100 shown in 
Figs. 1-2, may be used to expand a surrounding tubular, they are not always 
reliable. For example, the rollers 1 16 in the known expander tools may overheat at 
their back face as the expander tool is urged axially through a tubular due to friction 
between the rotating rollers 116 and the stationary thrust bearing which leads to 
premature wear and subsequently to premature failure of the expander tool. In 
another example, an outer surface of the rollers 116 in the known expander tools 
may be subject to a differential speed at one end of the roller 116 relative to the 
other end of the roller 116 while expanding the surrounding tubular, which results in 
a residual torsional effect in the tubular and other inefficiencies, such as wear, heat, 
and increased torque. The differential speed is due to the varying diameter of the 
tubular as it is being expanded by contact with the roller 116 that also has a varying 
diameter. In a further example, the expansion assembly 1 10 in the known expander 
tools may misalign with the centerline of the tool 100 while expanding the 
surrounding tubular, which may result in a premature failure of the tool 100. As the 
tool 100 moves through a tubular, uneven radial force between the first and second 
ends of the roller cause the misalignment. In yet another example, the known 
expander tools, such as the tool 100 shown in Figs. 1-2, may lack a sufficient 
maximum expansion ratio and may provide limited size of the thrust bearing due to 
dimensional constraints. 
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[0010] Therefore, a need exists for an improved expander tool that will address 
the above mentioned problems. 

SUMMARY OF THE INVENTION 

[0011] The present invention generally relates to an apparatus and method for 
expanding a tubular body. In one aspect, an expander tool for use in a wellbore is 
provided. The expander tool comprises a body having a bore therethrough and at 
least one recess formed therein. The expander tool further includes an expansion 
assembly disposable in the at least one recess, wherein the expansion assembly 
includes a piston which is outwardly extendable from the body in response to the 
radially outward force. The expansion assembly further includes a roller rotationally 
disposed on a shaft, wherein the roller and the shaft are constructed and arranged 
on the piston at an outward angle relative to a longitudinal axis of the expander tool. 
The expansion assembly may be disposed along the expander tool at a skew to 
provide a tractoring effect. 

[0012] In another aspect, the expander tool includes an upper bearing body 
disposed adjacent an upper end of the roller. The upper bearing body includes a 
front bearing body and a rear bearing body, wherein the front bearing body is 
operatively attached to the roller, thereby rotating with the roller and the back 
bearing body is operatively attached to the piston, thereby remaining rotationally 
stationary. 

[0013] In another aspect, the expander tool includes a first roller rotationally 
disposed on a shaft and a second roller rotationally disposed on the shaft adjacent 
the first roller, whereby the second roller rotates at a different rate than the first 
roller. 

[0014] In another aspect, a method for expanding a tubular body within a 
wellbore is provided. The method includes disposing an expander tool at a lower 
end of a working string, the expander tool having a body and a plurality of recesses 
formed therein for receiving an expansion assembly. The method further includes 
activating the expander tool, wherein the expansion assembly extends radially 
outward and expanding the tubular body within the wellbore. 

5 



PATENT 

Attorney Docket No.: WEAT/0487 
Express Mail No.: EV335469486US 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of which 
are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the invention may admit to 
other equally effective embodiments. 

[0016] Figure 1 is an exploded view of a prior art expander tool. 
[0017] Figure 2 is a cross-sectional view of the expander tool taken across line 2- 
2 of Figure 1. 

[0018] Figure 3 is a partial section view of an expander tool of the present 
invention in one embodiment. 

[0019] Figure 4 is an enlarged section view of an expansion assembly of Figure 
3. 

[0020] Figure 5 is an alternative embodiment of an expansion assembly shown in 
section for use with the expander tool. 

[0021] Figure 6 is a section view illustrating a first bearing body with a fluid path 
formed therein. 

[0022] Figure 7 is a section view of an alternative embodiment of an expansion 
assembly for use with the expander tool. 

[0023] Figure 8 is a longitudinal view of an expander tool having an expansion 
assembly skewed relative to a longitudinal axis of the expander tool. 

[0024] Figure 9 is a cross-sectional view of a wellbore having an upper string of 
casing and a lower string of casing which serves as a tubular body to be expanded. 

[0025] Figure 10 is a cross-sectional view of the wellbore of Figure 9 further 
illustrating an expander tool of the present invention lowered into the wellbore on a 
working string. 
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[0026] Figure 11 is a cross-sectional view of the wellbore in Figure 9 further 
illustrating the expander tool having partially expanded the lower string of casing into 
the upper string of casing. 

[0027] Figure 12 is a cross-sectional view of the wellbore in Figure 9 illustrating 
the expander tool being removed from the wellbore after the lower string of casing 
has been expanded into the upper string of casing along a desired length. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0028] Embodiments of the present invention generally provide an improved 
expander tool for expanding tubulars in a wellbore. For ease of explanation, the 
invention will be described generally in relation to a cased vertical wellbore. It is to 
be understood, however, that the invention may be employed in a horizontal 
wellbore or a diverging wellbore without departing from principles of the present 
invention. 

[0029] Figure 3 illustrates a partial section view of an expander tool 200 of the 
present invention in an embodiment. The expander tool 200 is constructed and 
arranged to expand a surrounding tubular (not shown) in a wellbore (not shown) as 
will be further illustrated in subsequent Figures 9-12. The expander tool 200 
includes a body 205 that generally defines a tubular having a bore 215 therethrough 
to provide a fluid pathway through the expander tool 200. The body 205 further 
includes a plurality of recesses 210 circumferentially spaced around the body 205 to 
receive a plurality of expansion assemblies 250. In one embodiment, three 
recesses 210 are spaced at 120 degree increments about a circumference of the 
body 205. It should be noted, however, that any number of recesses 210 and 
expansion assemblies 250 may be employed without departing from the principles of 
the present invention. The bore 215 can be any pathway through the expander tool 
200 that permits fluid flow through the expander tool 200 and/or provides fluid to the 
expansion assemblies 250. Thus, the bore 215 may not be required at all 
depending on the application and the type of expansion assembly 250 used in the 
expander tool 200. As shown, the expander tool 200 can include a sleeve 232 
formed by two halves secured to the outside of the body 205 adjacent the recesses 
210. Bolts positioned in apertures 230 secure the sleeve 232 to the body 205. 
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Apertures 234 defined by the sleeve 232 permit a first portion of the expansion 
assemblies 250 to extend from the expander tool 200 while preventing a second 
portion of the expansion assemblies 250 from moving beyond the recess 210. 

[0030] Each expansion assembly 250 includes a piston 240 that is radially 
extendable. The piston 240 is preferably an elongated body which is sealingly 
disposed within the appropriately configured recess 210 of the expander tool 200. 
The piston 240 includes a top surface and a bottom surface. The top surface 
receives a bearing body as subsequently discussed, and the bottom surface of each 
piston 240 is exposed to the pressure of fluid within the bore 215 of the expander 
tool 200. In this manner, pressurized fluid provided from the surface of the well can 
act upon the pistons 240 and cause them to extend radially outward. 

[0031] Figure 4 illustrates an enlarged section view of the expansion assembly 
250. As shown, each expansion assembly 250 further includes a roller 220. In one 
embodiment, the outer surface of the rollers 220 are arranged at a slope outward 
from the center of the tool 200, such as 20.0 degrees, relative to the longitudinal axis 
of the expander tool 200. The slope improves the contact between the roller 220 
and the surrounding tubular during expansion of the surrounding tubular. In order to 
at least partially obtain the slope, the roller has a tapered thickness such that the 
thickness increases toward a nose portion 280 at the upper end of the roller 220. 
The thicker nose portion 280 extends the life of the roller 220 by providing more 
material to wear away. 

[0032] A shaft 225 supports each roller 220 for rotation about a respective axis. 
In one embodiment, the rollers 220 and their respective shafts 225 are angled, such 
as 10.0 degrees, relative to the longitudinal axis of the expander tool 200. The shaft 
225 positioned at the angle further provides the slope of the outer surface of the 
rollers 220 and improves a rolling ratio between the expander tool 200 and a 
surrounding tubular being expanded. The rolling ratio is calculated on the basis of 
an outer circumference of the rollers 220 and an inner circumference of the tubular 
at points along a theoretical contact length of the roller 220. In other words, the 
thicker nose portion 280 adjacent an enlarged circumference of the tubular travels 
further about the roller's axis than the opposite end of the roller 220 adjacent a non- 
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enlarged circumference of the tubular. However, the roller 220 rotates at a single 
speed thereby restricting the entire length of the outer circumference of the roller to 
one speed and causing friction and sliding at the contact between the roller 220 and 
the tubular. As the rolling ratio improves or approaches one, the outer surface 
speed across the entire length of the roller 220 approaches the speed at which the 
outer surface moves across the inner circumference of the tubular, thereby reducing 
the tangential force at the contact. The reduction of the tangential force results in a 
reduction of torque and subsequently the reduction of torsional deformation of the 
tubular. Additionally, the angle of the shaft 225 permits the expansion assembly 250 
to radially extend the roller 220 further outward than known expander tools, thereby 
allowing the expander tool 200 to expand a tubular to a larger diameter, such as a 
casing having an inner diameter of 6.538". 

[0033] The top surface of the piston 240 receives a first bearing member 265 and 
a second bearing member 285 at a first end and a rear bearing member 270 at a 
second end. In one embodiment, the first bearing member 265 and the rear bearing 
member 270 are TOUGHMET^ bearings. The roller 220 includes a roller profile 235 
formed at an upper end thereof. The roller profile 235 mates with a bearing profile 
260 to form a bearing connection between the second bearing member 285 and the 
roller 220 that prevents relative rotation between the second bearing member 285 
and the roller 220. In one embodiment, the roller profile 235 and the mating bearing 
profile 260 are crescent shaped with a rounded profile to prevent stress risers in the 
connection. Frictional wear is limited to the rotational contact between the first 
bearing member 265 and the second bearing member 285. By eliminating the 
relative rotation between the roller 220 and the second bearing member 285, 
heating and wearing of the roller 220 reduces. While not shown, the rear bearing 
body 270 can lock to a lower end of the roller 220 by any known slot arrangement. 
[0034] An outer diameter portion 255 of the piston 240 includes at least a portion 
disposed at either end thereof having an outer surface 290 for substantially 
contacting an inner surface 275 of the recess 210 shown in Figure 3. Forces that 
can cause longitudinal tilting of the piston 240 relative to the body 205 are 
transposed across a width of the surface 290. The outer surface 290 that contacts 

the inner surface 275 is sufficiently wide to prevent the piston 240 of the expansion 
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assembly 250 from tilting back when the expander tool 200 expands the surrounding 
tubular. 

[0035] Figure 5 shows a section view of an alternative embodiment of an 
expansion assembly 300 for use with the expander tool 200. For convenience, the 
components of the expansion assembly 300 that are similar to the components in 
the expansion assembly 250 are labeled with the same reference number. In this 
embodiment, the expansion assembly 300 includes a first bearing body 310 placed 
between a roller 305 and a stationary second bearing body 315. A shaft 225 
supports the roller 305 for rotation about a respective axis 335. An upper end of the 
roller 305 couples to the first bearing body 310 by any attachment means well 
known in the art to allow the first bearing body 310 to rotate with the roller 305 about 
the respective axis 335. For instance, the upper end of the roller 305 may be keyed 
to a roller surface 330 on the first bearing body 310. 

[0036] The first bearing body 310 includes a bearing surface 320 that is in 
substantial contact with the second bearing body 315. The second bearing body 
315 is operatively attached to the piston 240 by a means known in the art. In this 
manner, the second bearing body 315 remains rotationally stationary while the roller 
305 and the first bearing body 310 rotate about the respective axis 335. Therefore, 
the arrangement of the first bearing body 310 and the second bearing body 315 
eliminates the relative rotation between the roller 305 and a specific bearing body. 
Eliminating the relative rotation between the roller 305 and a specific bearing body 
limits the frictional wear to the contact between the first bearing body 310 and the 
second bearing body 315. The first bearing body 310 and the second bearing body 
315 are preferably made from the same hard material in order to reduce the wear of 
the first bearing body 310 and the second bearing body 315. 

[0037] Figure 6 illustrates a section view of the first bearing body 310 having an 
optional fluid path 325 formed therein. Preferably, the fluid path 325 is formed on 
the bearing surface 320. The fluid path 325 is constructed and arranged to promote 
the ingress of fluid, thereby providing a fluid cushion between the first bearing body 
310 and the second bearing body 315. The fluid cushion reduces the friction 
between the bearing bodies 310, 315 and removes a portion of heat generated by 
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the bearing bodies 310, 315 during operation of the expander tool 200. In the 
embodiment shown, the fluid path 325 is configured as a helical groove; however, it 
is to be understood that the fluid path 325 may be formed from any configuration 
well known in the art. 

[0038] Figure 7 shows a section view of an alternative embodiment of an 
expansion assembly 400 for use with the expander tool 200. For convenience, the 
components in the expansion assembly 400 that are similar to the components in 
the expansion assembly 250 are labeled with the same reference number. The 
expansion assembly 400 includes a first roller 405 disposed adjacent a bearing body 
415, a second roller 410, a first roller bearing 700 coupled to the first roller 405, and 
a second roller bearing 702 coupled to the second roller 410. It should be 
understood, however, that the expansion assembly 400 may include any number of 
rollers without departing from the principles of the present invention. As illustrated, a 
shaft 225 supports both rollers 405, 410 for rotation about a respective axis 420. 
Since the first roller 405 has a larger outer diameter than the second roller 410, the 
first roller 405 rotates at a different rate than the second roller 410. Thus, by 
separating the first roller 405 from the second roller 410, the slippage between the 
expansion assembly 400 and the surrounding tubular being expanded reduces. In 
other words, the rollers 405, 410 contact the surrounding tubular at the same time; 
however, the amount of slippage therebetween reduces and results in a decrease in 
a residual torsional effect on the surrounding tubular since the rollers 405, 410 can 
rotate at a different rate. 

[0039] The first roller bearing 700 couples to the first roller 405 by any known 

means such as a castellation or a key that prevents relative rotation between the 

first roller bearing 700 and the first roller 405. Similarly, the second roller bearing 

702 couples to the second roller 410 to prevent relative rotation between the second 

roller bearing 702 and the second roller 410. Thus, frictional rotation occurs 

between the first roller bearing 700 and the second roller bearing 702 and not 

between the rollers 405, 410. This reduces heat and wear of the rollers 405, 410. 

While the expansion assembly 400 is shown having the first roller bearing 700 and 

the second roller bearing 702, the expansion assembly can include a single bearing 

between the rollers 405, 410 that is either not coupled to the rollers 405, 410 or only 
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coupled to one of the rollers 405, 410. Additionally, the expansion assembly 400 
may lack a bearing between the rollers 405, 410 such that rotational friction due to 
the differential speed of the rollers 405, 410 occurs between the rollers 405, 410. 
The bearing body 415 can be replaced with any of the other bearing arrangements 
described herein. 

[0040] Figure 8 illustrates an embodiment of the expander tool 200 with 
expansion assemblies 800 disposed along the tool 200 at a skew relative to a 
longitudinal axis of the tool 200. Thus, a recess 810 that receives the expansion 
assemblies 800 is skewed relative to the longitudinal axis of the tool 200. Due to the 
skew, a roller 802 of each expansion assembly contacts a surrounding tubular at an 
angle during expansion of the surrounding tubular. Based on the skew angle of the 
expansion assemblies 800 and the direction of rotation of the tool 200, the roller 802 
provides a tractoring effect along an axial length of the surrounding tubular. The 
tractoring effect further reduces slippage and friction between the roller 802 and the 
surrounding tubular since rotation of the roller 802 at least partially moves the tool 
200 axially through the surrounding tubular without requiring a pulling or pushing 
force perpendicular to the axis of rotation of the roller 802. 

[0041] Figures 9-1 1 demonstrate the operation of an expander tool of the present 
invention. Figure 9 provides a cross-sectional view of a wellbore 10 cased with an 
upper string of casing 25. The upper string of casing 25 is cemented into a 
surrounding formation 15 by a slurry of cement 20. The wellbore 10 also includes a 
lower string of casing 30, sometimes referred to as a "liner." The lower string of 
casing 30 includes an upper portion 30U positioned in the wellbore 10 at such a 
depth as to overlap with a lower portion 25L of the upper string of casing 25. It can 
be seen that the lower string of casing 30 is also cemented into the wellbore 10. As 
schematically shown in Figure 9, a packer 35 provides support for the lower string of 
casing 30 within the upper string of casing 25 before the cement 20 behind the lower 
sting of casing 25 cures. 

[0042] As shown in Figure 10, a working string WS having an expander tool 200 
affixed at the bottom lowers into the wellbore 10. The expander tool 200 includes 
improved expansion assemblies 250. It should be noted, however, that other 
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expansion assemblies such as any combination of those previously described herein 
may be employed with the expander tool 200. 

[0043] Referring to Figure 1 1 , the expander tool 200 lowers to a depth within the 
wellbore 10 adjacent the overlapping strings of casing 25L, 30U. The expansion 
assemblies 250 of the expander tool 200 actuate. In this manner, the upper portion 
30U of the lower string of casing 30 expands into frictional engagement with the 
surrounding lower portion 25L of the upper string of casing 25. As shown, the lower 
string of casing 30 is expanded at two locations. However, the expander tool 200 
can expand the lower string of casing 30 at any number of locations or along one 
axial length of the lower string of casing 30. 

[0044] In order to actuate the expander tool 200, fluid injects into the working 
string WS. The pressurized fluid travels downhole through the working string WS 
into the tool 200. From there, fluid contacts the bottom surfaces of the pistons. As 
hydraulic pressure increases, fluid forces the pistons radially outward from their 
respective recesses. This, in turn, causes the rollers 220 to make contact with the 
inner surface of the casing 30. With a predetermined amount of fluid pressure 
acting on the bottom surface of the piston, the lower string of expandable casing 30 
expands past its elastic limits. Fluid can exit the expander tool 200 through the 
bottom of the tool 200 and/or through ports (not shown) that are located on the side 
of the tool 200. Alternatively, the tool 200 may be closed such that fluid does not 
exit the tool at all. 

[0045] It will be understood by those of ordinary skill in the art that the working 
string WS shown in Figures 10 and 11 is highly schematic. It is understood that 
numerous other tools may and commonly are employed in connection with a well 
completion operation. For example, the lower string of casing 30 typically runs into 
the wellbore 10 on the working string WS itself. Other tools such as a cement shoe 
(not shown) and a wiper plug (also not shown) are often included on the working 
string WS and the casing 30. Numerous other tools to aid in the cementing and 
expansion operation may also be employed, such as a swivel (not shown) and a 
collet or dog assembly (not shown) for connecting the working string WS with the 
casing 30. 
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[0046] Figure 12 presents the lower string of casing 30 expanded into frictional 
engagement with the surrounding upper string of casing 25 along a desired length. 
In this view, the upper portion 30U of the lower string of casing 30 has utility as a 
polished bore receptacle. Alternatively, a separate polished bore receptacle can be 
landed into the upper portion 30U of the lower string of casing 30 with greater 
sealing capability. Further, a larger diameter of tubing (not shown) may be landed 
into the casing 30 due to the expanded upper portion 30U of the casing 30. It is 
understood that the depictions in Figures 9, 10, and 11 are simply to demonstrate 
one of numerous uses for an expander tool 200 and to demonstrate the operation of 
the expansion assembly 250. 

[0047] As demonstrated, an improved expansion assembly 250 for an expander 
tool 200 has been provided. In this respect, the rollers 220 of the expansion 
assembly 250 are able to reside in close proximity to the surface of the piston. 

[0048] The above description is provided in the context of a hydraulic expander 
tool. However, it is understood that the present invention includes expander tools in 
which the pistons are moveable in response to other radially outward forces, such as 
mechanical forces. Applications for use of the expander tool other than in a wellbore 
as illustrated herein merely by way of example are envisioned. While the foregoing 
is directed to embodiments of the present invention, other and further embodiments 
of the invention may be devised without departing from the basic scope thereof, and 
the scope thereof is determined by the claims that follow. 
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